Abstract. Deep and slow breathing (DSB) is a central part of behavioral exercises used for acute and chronic pain management. Its mechanisms of action are incompletely understood.
method of pain management [1] . Most DSB techniques are characterized by a reduction of breathing frequency and a diaphragmal emphasis of breathing with a long exhalation phase. In clinical practice, biofeedback techniques often pace the frequency of DSB, i.e., the patient is instructed to inhale/exhale according to a moving bar shown on a screen [2] . Despite the widespread popularity and some evidence of its effectiveness in painful conditions [3] [4] [5] [6] and experimental settings [7] [8] [9] , the mechanisms of action of DSB are still not fully understood.
The majority of studies have suggested that the antinociceptive effects of DSB are mediated by psychological mechanisms, such as facilitation of emotional regulation [9] , relaxation [7, 8] , or distraction [3] . In addition, expectancy and placebo effects have to be considered [10, 11] . However, there is a body of evidence suggesting that DSB has elementary physiological consequences that may directly or indirectly moderate antinociceptive effects: Slow breathing frequencies have been reported to prolong RR-intervals (= 60[beats]/heart rate[beats/second] by definition) [12] , and studies using heart rate biofeedback found that prolonged RR-intervals are associated with diminished pain perception [13, 14] . Further, DSB is likely to influence pulmonary gas exchange. Faster breathing frequencies may lead to hypocapnia, while very slow breathing frequencies may lead to hypercapnia. The latter has been shown to cause antinociceptive effects [15] . Moreover, increases in heart rate variability (HRV) depend on breathing frequency. It is known that HRV reaches its maximum at a breathing frequency of approximately 0.10 Hz (6 breaths/minute), the so-called "resonant frequency" [16] [17] [18] . Based on this observation, it has been hypothesized in the field of HRV biofeedback that DSB may modulate autonomic nervous system (ANS) activity and pain perception most efficiently at the resonant frequency [19] .
In summary, depending on the breathing frequency, DSB might affect a number of cardiorespiratory variables, which might in turn mediate changes in pain perception. To our knowledge, the impact of DSB frequency on pain perception has not been studied so far in a dosedependent fashion. It is further unclear which of the mentioned cardiorespiratory variables are influenced by DSB frequency and at the same time able to predict antinociceptive effects.
Therefore, the first objective of the present study was to test experimentally if pain perception was significantly affected by four different paced DSB frequencies. Pain perception was measured using thermal pain thresholds and by retrieving ratings of tonic heat stimuli. The second study objective was to test the effects of four paced breathing frequencies on the cardiorespiratory variables RR-interval, standard deviation of the RR-interval (SDRR), and respiratory CO2. Finally, the third study objective was to determine if DSB-initiated changes in the measured cardiorespiratory variables could predict changes in nociception. Based on the studies mentioned earlier, it was expected that increases in RR-interval, SDRR, and respiratory CO2 would predict antinociception.
Methods

Participants
Twenty healthy volunteers (50% male) were recruited by advertisement among university students. Absence of acute infections, obesity, internal, neurological or psychiatric disorders, acute or chronic pain, as well as absence of analgesic, psychoactive, cardiovascular, or antiallergic medication was ascertained in a structured clinical interview with a certified specialist. Written informed consent was obtained from all participants. The study was approved by the local ethics committee and is conform to the Declaration of Helsinki [20] . Participants were informed that the study aim was to determine the effect of "several breathing exercises" on pain perception, but it was not explicated that the study focused on breathing frequency and that one session involved paced breathing at their own baseline frequency. Participants were not given any suggestions that a certain breathing condition may be more effective than the others.
Procedure
The present study was designed as a randomized, repeated-measures, single-blind trial with four sessions per participant. The experimental conditions were paced breathing at: 1) 0.14 Hz (8.4 breaths/minute), 2) 0.10 Hz (6 breaths/minute), 3) 0.06 Hz (3.6 breaths/minute), and 4) the individual's resting frequency. The breathing conditions were arranged in 20 different intervention sequences balanced for first session. Participants were randomly assigned to these intervention sequences using a free online tool [21] . To get accustomed to the laboratory setting, all participants completed an additional training session before the first testing session, where paced breathing was exercised at different breathing frequencies and pain measurement procedures were practiced. Sessions were scheduled at least 7 days apart, to rule out carryover effects between the experimental conditions. Sessions were held always at the same time of day (Ϯ1 hour) to control for circadian effects. All testing was performed in a quiet room, with participants sitting in a comfortable reclining chair in a semisupine position. Participants were sitting for at least 10 minutes before any measurement was started. A full timeline of the procedures is shown in Table 1. For baseline resting period, participants were asked to relax, breathe normally, and sit quietly for 7 minutes. For the rest of the session, breathing was paced visually, with a vertically moving bar presented on-screen using EZ-Air Plus (BFE, retrieved from http://www.bfe.org/ breathpacer.htm). The inspiration-to-expiration ratio was set to 1:2 for all frequencies [22, 23] . In each session, participants were instructed to pace their breathing according to a script adapted from Lehrer et al. [2] focusing on a "constant diaphragmal breathing rhythm, while using pursed lips to control exhalation volume", emphasizing that they should "breathe in a relaxed way" and "not try too hard." They were further instructed to maintain paced breathing during and between all measurements. For the resting frequency condition, the breath pacer was set to the individual's mean resting frequency of that day's 5 minutes of rest.
R-R Intervals and HRV Measures
The "EXG" module of a "Biofeedback Expert 2000" system (Schuhfried, Mödling, Austria) was used to obtain a standard three lead setup electrocardiograms (ECGs). ECGs were recorded during 7 minutes of rest and 7 minutes of paced breathing at a sampling frequency of 1 kHz with instantaneous R-R interval detection. An ECG dataset was defined as the last 5 minutes of a given measuring period. Recording and data processing was performed following the appropriate guidelines [24] .
SDRR was defined as the only outcome measure of HRV for the present study. Frequency domain measures of HRV, such as low-(LF) and high-frequency power (HF) were included for descriptive purposes, but excluded from further analysis, as they are only valid indices of ANS function, when breathing frequency is constant between experimental conditions [25] . LF and HF represent the spectral power of HRV in frequency bands of 0.04-0.15 Hz and 0.15-40 Hz, respectively. Respiratory sinus arrhythmia (RSA) usually is the main source of HF power under resting conditions with a peak around 0.20 Hz. Paced breathing according to our experimental conditions switches RSA power below 0.15 Hz and therefore from HF to LF. The subsequent increase in LF and decrease in HF would therefore reflect the filter properties inherent to these measures instead of meaningful changes in vagal activity. The time domain measure root mean square successive difference (RMSSD) was dismissed from further analysis due to similar reasons [26] .
All HRV variables were calculated using the software Kubios-HRV [27] . All recordings were inspected visually and artifacts corrected with the software's built-in filter function. Recordings with more than three artifacts were to be excluded from analysis.
Respiratory Measures and CO2
Respiratory amplitude was recorded using the "RESP" module of the biofeedback equipment. The module equals a strain gauge with a resolution of 0.2 mm and a sampling rate of 200 Hz. Recordings were visually checked and artifacts corrected. Analysis was performed using an adapted version of the open-source algorithm "peakdet" [28] in combination with a moving-average lowpass filter with a window size of 0.5 seconds.
End-tidal partial pressure of respiratory CO2 was measured at the end of the resting and breathing intervals using a tight-fitting anatomic mask, in combination with a CO2 sensor connected to a Sirecust (SC) 9000XL (Siemens, Erlangen, Germany) health monitor. The CO2 values of five subsequent breaths were recorded and averaged.
Testing of Pain Perception
Temperature stimuli were applied to the volar surface of the left lower arm with a 30 ¥ 30 mm thermode connected to a Thermosensory Analyzer II (Medoc, Ramat Yishai, Israel). The thermode was kept in place by an elastic strap, while the arm comfortably rested on a tablet attached to the chair. The experimenter relocated the thermode once after the thresholding procedure and once after half of the tonic heat rating procedure. The three sites of stimulation were 3 cm, 9 cm, and 15 cm above the wrist, used in balanced sequence.
Heat and cold pain thresholds were determined using the method of limits according to established protocols [8] . Nociceptive perception was measured using cold pain threshold (CPT) and heat pain threshold (HPT). In short, five stimuli were presented as decreasing (CPT) or increasing (HTP) temperatures starting from a baseline of 32°C. Participants were instructed to press a stop button at pain threshold defined according to a read-aloud script [29] . Stimuli were separated by jittered interstimulus intervals of 11 Ϯ 1 second. The first stimulus was defined as a trial stimulus and discarded from analysis. Thresholds were defined as the mean of the four other stimuli.
As a second measure of pain perception, a rating procedure [30] was employed: 18 heat stimuli with temperature levels of 43, 44, 45, 46, 47, and 48°C were applied. Each level was presented three times. All stimuli were applied in pseudorandomized sequences, ensuring that no temperature occurred twice in a row. Sequences were randomly assigned across participants and conditions. All heat stimuli were applied for 20 seconds duration, oscillating Ϯ1°C around the temperature levels at 0.5 Hz (speed: 2°C/second) to reduce adaption/sensitization effects [31] . Thermode temperature ramp-up was set to 2°C/second, the interstimulus interval was 30 seconds. After nine stimuli, thermode location was switched. Before the procedure and after changing thermode location, two preconditioning stimuli of 43 and 47°C were applied to reduce adaption/sensitization effects. Participants could stop a stimulus if deemed unbearable at any time by pressing a button. In this case, the following interstimulus interval was automatically prolonged to keep testing duration constant. During the interstimulus intervals, participants were asked to enter ratings of pain intensity and unpleasantness on two visual analog scales (VASs) shown on-screen using a mouse. The VASs that ranged from "0" to "100" were ticked and labeled in steps of 10, and the cursor always started at "0." Instructions were provided to the participant before the procedure by a read-aloud script. The distinction between pain intensity and pain unpleasantness was illustrated according to established protocols [32] and resulted in two variables: pain intensity ratings and pain unpleasantness ratings. Both were calculated as the mean individual rating response to temperature steps 45, 46, 47, and 48°C. Ratings for 43 and 44°C were excluded from analysis as preliminary results indicated that ratings did not significantly differ from 0.
Statistics SPSS 19.0.0.2 for Mac OS X (IBM, Armonk, New York) was used for statistical analysis. All statistical tests were performed using SPSS's GENLINMIXED procedure for generalized linear model (GLM) analysis with robust covariance estimation to correct for potential violations of the model assumptions. Before analysis, all variables were z-transformed to ensure grand mean centering and to standardize results. Further unstructured autoregressive covariance matrixes (no assumptions on repeated covariance structure are made) were used to model repeated covariance within participants across time and sessions for objectives one and three. For objective two, a firstorder autoregressive covariance matrix (measures closer in time are expected to show stronger covariance) was used due to the limited degrees of freedom available. Within each study objective, Bonferroni correction was used to account for multiple comparisons.
For objective one, the effects of the factor "breathing frequency" on the dependent variables CPT, HPT, pain intensity ratings, and pain unpleasantness ratings were tested using four separate one-way analyses of variance (ANOVAs). For objective two, the effects of the fixed factors "time" (two levels: 5 minutes of baseline vs 5 minutes of paced breathing), "breathing frequency" (four levels: paced baseline frequency, 0.14 Hz, 0.10 Hz, and 0.06 Hz), and the interaction term "time ¥ breathing frequency" on the dependent variables RR-interval, SDRR, and respiratory CO2 were tested with three separate 2 ¥ 4 ANOVAs. Significant effects were followed up using planned contrasts (Bonferroni corrected), testing all differences between baseline and paced breathing, as well as all differences between the four paced breathing conditions. For objective three, within-session changes from resting period to paced breathing (paced breathing minus resting period) and resting period measures of RR-interval, SDRR, and CO2 were defined as predictive scalar factors for the dependent variables CPT, HPT, pain intensity ratings, and pain unpleasantness ratings in 12 separate GLMs.
Pearson's standardized residuals were examined for all models to guarantee robustness of the results. As a rule of thumb, 5% of cases would be expected to show an absolute value greater than 2.0 [33] . So for the present sample size of 74 sessions, 3.7 sessions were expected to show an absolute value above this limit. Therefore, models with four values above 2.0 were to be reexamined, excluding these particular cases.
Results
General
The mean age of the sample was 24.4 (range: 20.7-28.6) years. Two participants reported side effects: One participant experienced paresthesias in the upper limbs, as well as hiccups during three sessions. He was excluded from analysis as only one valid session remained. Another participant reported dizziness after the resting frequency condition. All data from this session were excluded from analysis except for the baseline measures. For another participant's session respiratory belt, RR-interval and SDRR data were lost due to equipment failure. Inspection of respiratory belt data indicated that all participants were able to maintain a stable breathing pattern throughout the HRV measurements, except for one participant who showed a respiratory rate of 0.89 Hz during the 0.06 Hz breathing frequency condition. Data from this session were excluded from analysis except for baseline measures. In total, the sample included 74 sessions within 19 participants, with one additional missing session for breathing frequency, RR, and SDRR, and no missing sessions for respiratory CO2. Descriptive results for cardiorespiratory variables are shown in Table 2 , and additional HRV results including frequency domain measures are shown in online supplement Table S1 . Descriptive results for variables of pain perception are shown in Table 3 . Shapiro-Wilk's test for normality performed on withinsubject centered variables indicated a nonnormal distribution of within-participant differences for breathing frequency (P < 0.001), HTP (P = 0.032), and RR-interval (P = 0.012). Intra-individual differences in CPT, pain intensity ratings, pain unpleasantness ratings, CO2, and SDRR were normally distributed.
Objective 1: Effects of Different Paced Breathing Frequencies on Pain Perception
No measure of pain perception was found significantly affected by the experimental condition. There were no significant differences in the effect of different slow-paced breathing frequencies on four variables on pain perception (see Table 4 ).
Objective 2: Effects of Different Paced Breathing Frequencies on Physiological Variables
RR-interval was not found significantly affected by factors time or breathing frequency, while significant time ¥ breathing frequency interactions were found for SDRR and CO2 (see Table 5 ). For SDRR, planned comparisons revealed that all breathing exercises with the exception of paced resting frequency significantly increased mean SDRR compared with baseline. Further, mean SDRR significantly increased with decreasing breathing frequencies until the 0.1 Hz condition. The 3.6 b/minute condition did not significantly increase SDRR in comparison to the 0.1 Hz condition and the 0.14 Hz condition. Significant changes from baseline were only found for paced resting frequency, which decreased CO2. However, respiratory CO2 during the 0.06 Hz breathing condition was significantly elevated compared with paced resting frequency, and paced breathing at 0.10 and 0.14 Hz. Results for planned comparisons are shown in Table 6 . Table 7 shows the results of 12 regression analyses testing the relationships between the cardiorespiratory and nociceptive variables. Changes in RR-interval and baseline RR-interval both were highly significant predictors of pain unpleasantness ratings. For pain intensity ratings, change in RR-interval was a predictor of borderline significance, while RR-interval at baseline was a highly significant predictor. Including RR-interval change and RR-interval at baseline improved model fit for pain intensity ratings and pain unpleasantness ratings compared with an intercept-only model. Beta-coefficients indicated that in sessions where the RR-interval increased by 10 ms 1 from baseline, pain unpleasantness ratings decreased by -0.23 Ϯ 0.07 points. Beta-coefficients further indicated that in sessions where RR-interval was elevated by 10 ms at baseline, pain intensity ratings were -0.53 Ϯ 0.11 points lower, and pain unpleasantness ratings -0.56 Ϯ 0.12 points were lower. Change in RR-interval and baseline RR-interval could not explain significant proportions of variance for CPT or HPT and could not improve model fit. The same held true for changes in SDRR and respiratory CO2. Examination of Pearson's residuals indicated that six cases were >2.0 for pain unpleasantness ratings (the largest case being -2.328). Reanalysis excluding the particular cases did not change the results in respect to model fit, direction of effect, and the criterion of significance. Further, a visual examination of the results indicated that one session could represent an outlier with undue influence on the linear results. Excluding this session did not change the results in respect to model fit, direction of effect, or the criterion of significance. All somatosensory variables were reexamined using one cardiorespiratory at a time for descriptive purposes and can be found in online supplement Table S2 .
Objective 3: Predicting Pain Perception by DSB-Induced Cardiorespiratory Changes
Table 2
Descriptives of the cardiorespiratory variables: Means 
Discussion
Overview
The present study tested effects of slow-paced breathing frequencies on experimental pain perception (objective 1), cardiorespiratory function (objective 2), and examined the relationship between changes in cardiorespiratory variables and experimental measures of pain perception (objective 3). Results indicated that breathing frequency had no significant effect on experimental pain perception and RR-interval. Only SDRR and respiratory pCO2 were significantly affected by different breathing frequencies. Nevertheless, neither SDRR nor respiratory CO2, could predict intra-individual changes in pain perception. In contrast, baseline-to-breathing as well as session-to-session differences in RR-interval were found to predict changes in pain perception. Prolonged RR-intervals predicted lower pain unpleasantness ratings, while shortened RR-intervals predicted higher ratings. 
Breathing Frequency Was Not Found to Determine Antinociceptive Effects
The present study could not add evidence to the hypothesis that breathing frequency is the determining factor of DSB-induced hypoalgesia. This stands in contrast to two recent studies, which could show an effect of slow-paced breathing on experimental pain perception using paced breathing at normal frequency as a control condition [9, 34] . The best explanation for these conflicting results might be that the present study was the first to test the effects of slow breathing in a dose-dependent fashion, i.e., using several slow breathing frequencies. On the one hand, this approach might have diminished statistical power. On the other hand, the use of several slow breathing conditions might have reduced expectation effects. Finally, these results could point toward a third variable underlying DSB analgesia. Besides breathing frequency, the present study particularly aimed to follow up two other hypotheses on physiological phenomena accompanying DSB: modulation of cardiac autonomic function and modulation of respiratory gas concentrations.
RR-Interval Was Not Influenced by DSB, yet the Best Predictor of Pain Ratings
ANS activity is closely linked to nociception [35, 36] . RR-interval, heart rate, as well as HRV in general have been interpreted as measures of general ANS function in the past, "although inferences are clearly restricted to the level of the heart" [37] . Nevertheless, these measures of cardiac autonomic function have been shown to be interrelated with pain perception in different contexts [38] [39] [40] . Accordingly, we found that pain unpleasantness ratings significantly decreased when RR-interval increased during DSB. Although this effect did not reach significance for CPT, HPT, and pain intensity ratings, the same direction of effect could be observed (see Table 7 and online supplement Table S2 ). Similarly, in sessions with elevated RR-interval at baseline, pain unpleasantness ratings and pain intensity ratings were decreased significantly. As increases in RR-interval are commonly interpreted as increases in parasympathetic activity or sympathetic withdrawal, our results are in accord with earlier animal [41] and human [42] studies linking increases in cardiac parasympathetic tone and sympathetic withdrawal to antinociceptive effects. However, it cannot be concluded that the DSB exercise was causally related to changes in cardiac ANS function and the associated effects on pain perception as breathing frequency was not found to significantly modulate RR-interval. Small but meaningful increases in RR-interval from baseline to DSB that remained undetected due to a lack of statistical power may have led to this outcome. The finding that paced DSB was insufficient to influence RR-interval stands in line with some earlier finding [37, 43, 44] , but in contrast to others [12, 34] and indicates that DSB alone might not be efficient for manipulating heart rate. Biofeedback procedures designed to increase RR-interval might be more successful in doing so [13, 14] and should be considered as an intervention in future studies.
Hear Rate Variability during Slow Breathing Was Not Found to Predict Antinociception
SDRR is the most general measure of HRV. It has been used as an indirect measure of cardiac ANS activity and used to infer on general ANS function [24, 45, 46] . Increases in SDRR are commonly interpreted to reflect parasympathetic activation and/or sympathetic withdrawal referring to experiments using cholinergic and beta-adrenergic receptor blockade [47, 48] . However, it is long known that slow breathing frequencies and increases in respiratory volume lead to dramatic increases in measures of HRV by mechanisms that Table 7 General linear models testing if changes in cardiorespiratory variables predict measures of pain perception obscure the association between HRV measures and the psychophysiologically relevant portion of ANS activity [37, 49] . Notwithstanding, HRV increases have been hypothesized to indicate resonance between the RSA mechanism and the baroceptor reflex [17] , and proposed to be therapeutically beneficial when used to exercise parasympathetic function [2] . Taking this hypotheses one step further, Chalaye et al. postulated that "slow deep breathing and HR biofeedback would produce the largest cardiac changes and the strongest analgesic responses" on experimental pain in a onesession experiment with healthy participants [19] . Based on their finding of coinciding differences in pain tolerance thresholds and SDRR amplitude between a distraction and a slow breathing condition, they concluded: "modulation of HR and pain share a common neurophysiological pathway" [19] . Our present experiment followed up this hypothesis by testing if DSB induced intra-individual SDRR amplitude changes can predict antinociceptive DSB effects in a dose-dependent fashion. Indeed, we could replicate that DSB at frequencies of around 0.1 Hz ("the resonant frequency") causes large increases in SDRR [17, 50] and therefore general HRV. Consequently, SDRR should have been expected to predict a good degree of variation in experimental pain measures if a functional relationship between pain perception and general HRV existed. The fact that large DSB-induced changes in HRV did not predict any difference in pain perception is in accord with recent results by Martin et al. who could not find a relationship between breathing-induced changes in RMSSD and pain ratings [34] . Together, these findings question if the "resonance" mechanism is relevant for DSB-induced antinociception, at least when applied without longterm training [2] . It further underlines that HRV amplitude changes seen during slow breathing may reflect "mechanical effects of respiration" [49] , rather than appropriate correlates of ANS function. The finding that RR-interval could predict differences in pain perception, while SDRR could not, supports the notion that RR-interval (or heart rate) at baseline is a better correlate of the psychophysiologically relevant ANS portion than HRV [51] [52] [53] .
Paced Breathing at Baseline and Very Slow Frequencies Induced Hyperventilation/Hypoventilation
Hypercapnia-facilitated analgesia was the second candidate mechanism to be examined in the present study.
Measures of respiratory CO2 were used to detect potential consequences of DSB on respiratory gas exchange as hypercapnia had been shown to modulate acute pain perception [15] . Indeed, significant differences in respiratory CO2 could be found, which indicated that participants tended to develop hypercapnia during the 3.6 breaths/ minute condition and hypocapnia during the paced resting frequency condition. These findings encourage the monitoring of hyperventilation/hypoventilation in the study of DSB exercises and replicate the finding that paced breathing at resting frequency is not just a simple "distraction" control condition, but has measurable consequences on respiratory gas exchange [54] . Nevertheless, respiratory CO2 could not explain relevant differences in any experimental measure of nociception. The magnitude of hyperventilation/hypoventilation might have been too small to lead to significant somatosensory consequences.
Limitations
The present findings have to be considered in the context of the following limitations: DSB effects were studied using experimental pain in healthy participants and may not generalize to clinical forms of pain and patient populations with ANS dysregulation. Caution must be exercised when comparing the results of our DSB protocol with other studies using breathing, relaxation, or distraction exercises: e.g., participants maintained visually paced breathing during sensory measurements at any time and only received a single training session. Therefore, the whole procedure might have been too demanding to have a relaxing effect. The simultaneous execution of paced DSB and thermal thresholding might also have diminished the sensitivity of the CPT and HPT measurements, which are affected by reaction time [55] . We particularly emphasize that prolonged DSB training might yield entirely different results. It might enhance the effect of DSB by several mechanisms, but particularly because association effects were suggested to play a role in pain appraisal [6] . Lastly, the decision to exclude participants reporting side effects from analysis might have led to an underestimation of hyperventilation/hypoventilation effects.
Conclusions
The present study supports the hypothesis that pain is as a homeostatic emotion [9, 56] depending on ANS function [40] as inter-individual RR-interval differences at rest and changes in RR-interval were associated with measures of experimental pain perception. However, as the experimental conditions have neither influenced experimental pain perception directly, nor indirectly by altering RR-interval, we cannot conclude that breathing frequency is a determining factor of the proposed antinociceptive effects of DSB. Similarly, highly significant breathinginduced changes in HRV and respiratory gas concentration could not predict antinociceptive DSB effects.
The present results do not exclude the possibility that DSB therapies might be beneficial for chronic pain patients. DSB might have a different impact on patients with ANS dysfunction, and other mechanisms of action could account for its therapeutic efficacy. In this context, potential long-term training effects of DSB on cardiorespiratory function and pain perception might be of particular interest for future studies. As mentioned earlier, psychophysiological mechanisms like "facilitation of emotional regulation" [9] , "relaxation" [7, 8] , or "distraction" [3] pose relevant alternative mechanisms of action to be considered. Based on our results, we encourage further biofeedback studies to determine the relevant mechanisms of action of slow breathing exercises.
Note
1. An increase by 10 ms of RR-interval corresponds to an increase in heart rate by 0.9 beats/minute at mean breathing frequency. A decrease by 10 ms of RR-interval corresponds to a decrease in heart rate by 0.8 beats/ minute at mean breathing frequency.
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